This study examined the relationship between perceived built environment attributes and physical activity, physical fi tness and body weight among adolescents aged 14 -16 years in Sarawak. This was a cross-sectional study, using multistage sampling. A set of questionnaires consisting of sociodemographic information, a self-administered physical activity checklist and a Neighborhood Environment Walkability Scale-Youth (NEWS-Y) was used. Body mass index (BMI) was measured and physical fi tness was tested using a maximal multistage 20 m shuttle run test. Data analysis was done using SPSS version 17.0. A total of 316 respondents participated. The mean BMI for boys was almost equal to the mean BMI for girls. Only 7.9 % of the sampled population was found to be overweight or obese. The overall mean duration spent per day on physical activity was 128.4 min (SD 118.43), with mean of 56.1 min (SD 73.94) after school time. Girls reported to spend longer each day taking physical activity before and during school. Boys were found to have signifi cantly higher VO 2max of 27.79 ± 5.91 mL/kg/min as compared to girls ( t = 11.22, p < 0.000). Based on comparison with other countries, the NEWS-Y scores indicated a mixture of low and high walkability neighborhoods. Respondents who had lower BMIs reported living in lower residential density areas and less risk of crime, and respondents who had better physical fi tness reported less suitable infrastructure for walking. Promotion of exercise at all levels should be continuously encouraged as it would lead to improvement in the well-being of an individual.
Introduction
Childhood obesity has reached global epidemic levels both for adults and children (1) , with nearly 43 million children aged 5 years and below being overweight in 2010 (2) . Seventy-fi ve per cent of these overweight and obese children live in low-and middle-income countries, particularly in urban settings. In Malaysia, adult prevalence of overweight and obesity is also refl ected in children. For children aged 12 -17 years, 13.7 % and 6.6 % of boys, and 12.9 % and 4.8 % of girls were found to be overweight and obese, respectively, in four regions of Peninsular Malaysia and the Miri region of Sarawak (3) . In an urban setting, 9.7 % of boys and 7.1 % of girls aged 7 -10 years in the primary schools in Kuala Lumpur were found to be obese based on > 95th percentile of the body mass index (BMI)-for-age (4) . Poh et al. ( 3) also found a 5 % higher prevalence of obesity among urban children compared to those in rural areas. As such, obesity is affecting large numbers of children, who form almost half of the total population in the majority of countries (5) . In 2007 UNICEF predicted that six out of every 10 children will live in urban areas by the year 2025 (6) . Following the increasing prevalence of obesity in urban children, more children will also become obese.
Childhood inactivity and obesity have become one of the most serious public health concerns in developed and developing countries (7, 8) . These problems were found to continue into adolescence (9) and adulthood (10) with signifi cant medical, psychosocial and economic consequences. Low levels of physical activity (PA) and the failure to meet the recommended amount of exercise have notable health consequences among children, including increased risk of obesity, low bone density (11) , and a growing list of chronic conditions, such as coronary heart disease, type 2 diabetes, certain cancers, hypertension, osteoporosis, back-pain, anxiety, depression and stress (12) .
Despite the escalating rise in childhood obesity worldwide and its health and economic consequences, the mechanism of obesity development is not fully understood. Many PA programs have been conducted, but they have largely focused on the individual level. This is associated with the popular belief that PA is solely the individual ' s responsibility (13) , although health promotion has long endorsed the value of environmental interventions (14) . A similar situation is noted in Malaysia.
Many studies have shown that childhood obesity is partially infl uenced by the environment (15) . Environmental living conditions, including housing conditions, street patterns and open space design are among the primary determinants of an individual ' s health (16 -18) . Unfortunately insuffi cient attention has been placed on changing environmental elements, such as home and neighborhood environments that may infl uence the PA behavior of individuals (13) , particularly that of children. There is a need to focus on children as children ' s needs are the least considered domain in the planning and design of cities (5) and generally teenagers seem to be largely ignored (19) . As declared by UNICEF (20) , the wellbeing of children is the ultimate indicator of a healthy habitat, a democratic society, good governance and sustainable development.
This research aimed to examine the relationship between attributes of the built environment and adolescents ' BMI, PA and physical fi tness level. The outcome of this study will assist public health practitioners, policy makers and urban planners in the development of interventions that will create activity-friendly and livable neighborhoods.
Methods
Kuching, being the capital city of Sarawak, is the fourth largest urban area in Malaysia. With an estimated population of 579,900 people, Kuching is one of the most diversely populated districts, with its population consisting of Chinese, Malays and indigenous groups, such as Iban, Bidayuhs, Melanaus and Orang Ulu, among others. It is divided into two administrative areas: Kuching South City (KSC) and Kuching North City. This study focused on KSC.
This was a cross-sectional study assessing neighborhood environment attributes and adolescents ' BMI, PA and physical fi tness in seven residential zones in KSC. All students aged between 14 and 16 years old (middle adolescents) who were intellectually capable, physically fi t without illnesses (e.g., asthma, heart condition, etc.), and in schooling at 14 secondary schools within KSC were eligible to participate in this study. Informed consent was obtained from students ' parents.
A map of KSC was obtained from the mayor ' s offi ce. All secondary schools within the KSC area were mapped and matched with a secondary school list obtained from Sarawak Education Department. The selection of schools was based on one secondary school per residential zone. If the residential zone had more than one secondary school, the most populated school was selected. Single-gender schools were excluded from the list. Students from the selected schools who lived in the school neighborhood were selected as respondents.
The survey questionnaire included socio-demographic information, such as sex, age, ethnic group, parents ' education and occupation and total household income in Section A. The perceived PA was measured using a self-administered PA checklist (SAPAC) version 9/30/93, in Section B. The SAPAC included 22 possible activities performed by the respondents before, during and after school (21) . The total actual duration for each activity was recorded. The data on the built environment were collected using a modifi ed questionnaire (checklist) adapted from the Neighborhood Environment Walkability Scale-Youth, or NEWS-Y (22 The questionnaire was prepared in Bahasa Malaysia and English. Back-to-back translation was used to translate the English version of the questionnaire into the Bahasa Malaysia version.
The survey and assessment were carried out by trained research assistants (RAs). Respondents were gathered in the school area during the co-curriculum session. The RAs read the questionnaire aloud to the entire class and respondents fi lled in the questionnaire. The physical measures (height, weight and physical fi tness test) of the respondents were obtained during the same session.
Body height and weight were measured using a portable SECA weighing scale (Birmingham, UK). The respondents were weighed barefooted while wearing their school uniform. Respondents stood barefooted upright on a fl at surface with their back of the heels and occiput against the stadiometer for their height measurement. Their BMI was calculated by dividing the weight by height squared (kg/m 2 ). For children and teens, BMI is age-and sex-specifi c and is often referred to as BMI-for-age. The calculated BMI was plotted onto a BMI-for-age percentiles chart for different gender and further classifi ed based on the WHO ' s 2007 reference (23) . Based on this classifi cation, underweight is indicated when the BMI is below the 50th percentile, a healthy weight is between 50th percentile and < 85th percentile. Overweight is defi ned as when the BMI percentile is at or above the 85th percentile but below the 95th percentile. Meanwhile, obesity is defi ned as a BMI percentile at or above the 95th percentile.
Physical fi tness was tested using a maximal multistage 20-m shuttle run test to determine the maximal aerobic power of schoolchildren during PA. Each adolescent underwent fi ve series of 20-m runs where they ran back and forth on a 20-m course, touching the 20-m line. The starting speed was set at 8.5 km/h or 8.5 s for a 20-m run. The adolescents needed to run and arrived at the cone/marker before the bleep from a pre-recorded audio player was sounded. If an adolescent arrived at the end of a shuttle before the bleep sound, she/he should wait for it before the second run. The frequency of the sound signals was increased by 0.5 km from a starting speed of 8.5 km per hour; therefore the intervals between the recorded bleeps decreased every minute. If the respondent failed to reach the end of the shuttle within the set time, she/he would be given two more shuttles before ending the test. When the respondent could no longer follow the pace, the last stage number announced was used to predict maximal oxygen uptake (VO 2max ). The test was conducted by physical instructor on each adolescent in the presence of a medical doctor.
The test-retest reliability coeffi cients were 0.89 for children (139 boys and girls aged 6 -16 years) and 0.95 for adults (81 men and women, aged 20 -45 years) (24) .
Univariate data analysis was used to determine the association and relationship between components of built environment factors, BMI, PA, fi tness level, and socio-demographic variables using SPSS 17.0 (SPSS Inc., Chicago). Data were cleaned for outlier and checked for normality using boxplots and Kolmogorov-Smirnov and Shapiro-Wilks statistics. A signifi cant association between variables was determined using inferential statistics based on a p-value of < 0.5 (two-sided).
Ethical approval was obtained from the Ministry of Health in Malaysia and permission to conduct the study was granted by the Malaysian Ministry of Education.
Results
A total of 316 adolescents participated in this study, given a response rate of 91.3 % (316/346). The distribution of the adolescents based on schools is presented in Table 1 . There were 316 adolescents, with almost an equal number of boys (48.4 % ) and girls (51.6 % ). The major ethnic group involved was Chinese (45.3 % ). The highest educational level for most of the parents was secondary school. Majority of the adolescents ' fathers worked in the private sector (50.9 % ), while their mothers were mostly housewives (52.8 % ). The mean total monthly household income was RM 3652.90 + 3740.6.
As refl ected in Table 2 , the mean BMI for boys (20.6 ± 4.33 kg/m 2 ) was almost equal to the mean BMI for girls (20.2 ± 3.91 kg/m 2 ), which explained why no signifi cant difference was found between the two groups ( t = 0.61, p = 0.542). In contrast to BMI categories used for adults, children ' s overweight and obesity are age-and sex-specifi c, because the amount of body fat changes with age and differs between girls and boys. Only 7.9 % of the sampled population was found to be overweight or obese. Further analysis showed no signifi cant association between sex and BMI category (χ 2 = 0.718, p = 0.869).
PA level among the adolescents was collected through self-reporting. The activities collected were categorized into before school, during school and after school periods. Among the three categories of PA, respondents reported to have the highest mean duration of 45.5 min (SD 36.51) after school. The overall duration spent per day was 110.1 (SD 76.42). This result indicated that adolescents spent less time on PA before school sessions started and more time after school. Girls reported a longer mean duration of PA per day before and during school. Boys, however, reported spending longer on PA than girls after school. Despite of the above, none of the PA levels (before, during and after school) were significantly associated with sex (see Table 2 ).
Physical fi tness level was determined using a maximal multistage 20-m shuttle-run test, and translated in the form of maximal oxygen uptake (VO 2max ) based on the highest level achieved. Among the respondents, boys were found to have a higher VO 2max of 27.79 ± 5.91 mL/kg/min compared to girls, who had a VO 2max of 21.91 ± 2.56 mL/kg/min. This difference between boys and girls was found to be signifi cant ( t = 11.22, p < 0.000). Table 3 shows the mean scores for NEWS. Under subscales, neighborhood satisfaction had the highest mean score Table 1 Background information. n % R a n g e M e a n ± SD In order to assess the levels of built environment variables, a comparison was made between three studies carried out separately in Australia (25) , Japan (26) and Hong Kong (27) . The studies in Japan and Hong Kong were selected because of the cultural similarity with Malaysia. The Australian study was chosen as it represented the Western community. Under the subscale of residential density, land-use diversity, land-use mix access and connectivity, the mean scores reported to be between high and low walkability neighborhoods. In terms of aesthetics, traffi c safety and safety from crime, however, the mean scores reported to be better than in Hong Kong ' s study, but fall under the category of high walkability neighborhood for both the Australian and Japanese study. Based on the results presented in Table 4 , there were three groups with a signifi cant relationship, namely: infrastructure for walking and physical fi tness (r = -0.151, p = 0.008); residential density and BMI (r = 0.136, p = 0.017); and safety from crime and BMI (r = -0.12, p = 0.035). These relationships were, however, found to be weak.
Discussion
In developed countries, such as the US, the prevalence of overweight adolescents is as high as 21 % -30 % (28) . In Malaysia, the prevalence of overweight adolescents was reported to be between 16.7 % and 30.0 % (29, 30) . The present study found that a mere 8 % of adolescents were overweight and obese, which is much lower than the other studies. As the participation of the respondents was voluntary, one possible explanation was that adolescents who were overweight were reluctant to take part or did not obtain consent from their parents to participate in this study.
There was no signifi cant difference between the mean BMI for boys and girls, which was in agreement with studies conducted locally (29, 31) . With a more effective energy intake and effective metabolism, adolescents could maintain their body weight more easily with proper food intake and physical exercise (32) .
Based on the results reported by Wilmore and Costill (33) , the normal BMI range for non-athletes aged 10 -19 years is 47 -56 mL/kg/m 2 for boys and 38 -46 mL/kg/m 2 for girls. One reference population study carried out among European adolescents indicated a mean VO 2max with 44.3 mL/kg/min (SD 7.5 mL/kg/min) for the boys and 37.1 mL/kg/min (SD 5.6 mL/kg/min) for the girls. The fi ndings of this present study showed that both boys and girls had a VO 2max below the normal mean cut-off level. This fi nding is consistent with Olds et al. (34) , where countries in Asia, such as Singapore and Hong Kong were reported to have the lowest physical fi tness levels. Possible factors that could affect body fi tness are bodyweight and body size, distribution of wealth, climate, and the importance of sport in the national psyche. In terms of comparison between the sexes, it is common that boys ' fi tness levels are higher than girls ' , and the difference is usually signifi cant (35) . The explanation of this difference in fi tness levels is due to two mechanisms resulting in greater muscle mass in boys than girls: a hormonal mechanism leading to differences in body com-• position, with a higher ratio of fat to muscle tissue in girls after puberty; and differences in habitual physical activity, with greater motor • activity in boys than in girls, leading to differences in the oxygen transport system in the biochemical machinery of muscle cells (36) .
Although some studies have indicated that earlier onset of puberty among girls could have allow them to have a better advantage in running faster than boys, this study indicated otherwise.
Contrary to most literature (37, 38) , this study indicated there was no signifi cant difference in terms of total PA between boys and girls, although boys were reported to have spent slightly longer participating in PA. As defi ned by MartinezVizaino and Sanchez-Lopez (39) , ' physical activity refers to any bodily movement produced by skeletal muscle which requires consumption of energy ' . In this study, the physical activity referred to all activities including sports and chores that refl ected activity choice by gender. Girls usually choose low to moderate intensity activities as compared to boys, who choose moderate to high intensity activities.
In the analysis of the relationship between perceived physical environments, physical activity, age, BMI and physical fi tness, only residential density and BMI, safety from crime and BMI, infrastructure for walking and physical fi tness had signifi cant relationships. Respondents who had a lower BMI were reported to stay in low-density residential areas and safer neighborhoods. Participants who had better physical fi tness were reported to have fewer infrastructures for walking. These relationships refl ected that BMI and physical fi tness were not dependent upon perceived neighborhood environment. The earlier results (see Table 3 ) in particular indicated that residential density, land-use diversity, land-use mix access and connectivity were perceived to favor low walkability neighborhoods. One possible explanation could be that respondents in this study preferred to go to more appropriate places for exercise than walking around their neighborhood. Furthermore, based on observation, most adolescents attend tuition classes before or after school and were involved in school co-curriculum activities. This fi nding indicates a need for more comprehensive studies on physical fi tness, community design and recreational resources in the future. Signifi cant at p < 0.01 .
There are several limitations of this study that need to be addressed. The use of a self-reported PA questionnaire produced recall bias (40) and differential interpretations of terms (e.g., light, moderate and vigorous activity) (41) . As such, even though the result indicated that the perceived neighborhood environment could not fully explain the effects on PA, physical fi tness and body weight, it may be premature to dismiss the variables. The variables whose associations with PA, body weight and physical fi tness were classifi ed as having no or a weak relationship should be subjected to more detailed study. Other limitations included: that fact that although the schools were randomly selected, • the participation of respondents was voluntary based on the consent given by their parents, which may thus may generalizability; the cross-sectional design did not determine whether neigh-• borhood design caused differences in PA, physical fi tness or body weight; and there might be a different correlation of PA for boys and • girls that needs further study.
In summary, despite the results indicating weak relationships between neighborhood design and PA, and fi tness and body weight, the promotion of exercise at all levels should be continuously encouraged as it will lead to improvement in well-being of an individual. The efforts to provide more opportunities for PA in the surrounding environments, such as provision of cycle lanes, accessibility of leisure centers, sports facilities, parks and promotion of out-of-school physical exercise programmes, should be intensifi ed. Awareness among families, educators and relevant bodies should be increased to ensure a healthier future for the younger generation. In addition, further studies should be carried out to ascertain the impact of neighborhood design on PA, physical fi tness and BMI.
